Lunar sample analysis by Tittmann, B. R.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19760010930 2020-03-22T16:10:52+00:00Z
-_	 I
1
NASA CR-
1^ ?-/-22
SC577.13AR
LUNAR SAMPLE ANALYSIS
Annual Report No. 2
Covering Period
February 1, 1975 through January 31, 1976
Contract No. NAS9-13846
General Order 577
Prepared for
NASA Lyndon B. Johnson Space Center
Science & Applications Directorate
Houston, Texas 77058
By
i
B. R. Tittmann
Principal Investigator
I'i (11 ASA-CD-14-7U401
	 Trt'lAF S4 M P1,R ANA LYSTS
Annual report ("70 ckwP ll Inf-arnational Corp.,
Thorisand Oaks)
	 7 p Fi r, $').;0	 k:.-:7L  039
N76-13018
tincl as
x1/91
	 1417 3I, Sclence CenterRock • vell International
100 i.—.0DOS 4105
Iroul►fto OAKS, CAW 11 W
M/4" 4w5
.1
UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE ("on Date Entered)
REPORT DOCUMENTATION PAGE
BEREAD INSTRUCTIONS
FORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. S. RECIPIENT'S CATALOG NUMBER
4.	 TITLE (and Subtitle) S. TYPE OF REPORT 6 PERIOD COVERED
LUNAR SAMPLE ANALYSIS
Annual Report
Annual Report No. 2P
2-1-75 through 1-31-76
6. PERFORMING ORG. REPORT NUMBER
SC577.25ARAs of 31 January 1976
7.	 AUTHOR(s) S. CONTRACT OR GRANT NUMBER(@)
B.	 R. Tittmann NAS9-13846
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASKAREA 6 WORK UNIT NUMBERS
Science Center, Rockwell	 International
1049 Camino Dos Rios, Thousand Oaks, CA 91360
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
NASA Lyndon B. Johnson Space Center 1-31-76
Science 8t Applications Directorate 13. NUMBER OF PAGES
Houston, Texas 77058 6
14.	 MONITORING AGENCY NAME a AODRESS(ll different from Controlling 011ie*) 15.	 SECURITY CLASS. (of this report)
UNCLASSIFIED
ISe.	 DECLASSIFICATION DOWNGRADINGSCHEDULE
NIA
16.	 DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited.
17.	 DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report)
18. SUPPLEMENTARY NOTES
19.	 KEY WORDS (Continue on reverse olds N necessary and Identity by block number)
Internal	 Friction, Volatiles,	 Basalt, Vacuum, Outgassing
20.	 ABSTRACT (Continue on reverse side If necessary and Jdenflly by block number)
Previous studies have shown that very small amounts of absorbed volatiles
- only removed by outgassing in high vacuum ayr elevated temperatures -
drastically increase the internal
	
friction Q -	in terrestrial analogs of
lunar basalt.	 Recently room temperature Q- 1	values of the 2x10- 5
 - 3x10-5
range have been achieved with lunar rock 70215,85 by thorough outgassing
procedures in ultra high vacuum.	 Here results are presented on the temperature
dependence of Q- 1 as measured in the range 250C to 6000C along with some data
DD 1
FORM
 JAN 73 1473	 EDITION OF 1 NOV 6S IS OBSOLETE 	 UNCLASSIFIEn
SECURITY CLASSIFICATION OF THIS PAGE ( When Data Entered)
UNCLASSIFIED
U RITY GLASDIFIGATION OF TM15 PAOL(WAWI 0096 snrWK/
on the change in Q- 1 with pressure in ultra-high vacua... The temperature
dependence shows the existence of an internal friction peak at around 2000C
followed at high temperatures by an extensive region with flat Q- j (_1x10-3);
the work at ultra-high vacuum shows decreases in th internal friction with
decreases in ambient pressure even in the range 10- to 10- 10 torr.
I
UNCLA SSIFIED
I
SECURITY CLASSIFICATION OF THIS PAGE(When OON Entered)	 f
01% 
Science Center
Rockwell International
SC577.25AR
INTERNAL FRICTION AND SEISMIC ACOUSTIC VELOCITY IN LUNAR ROCK
70215,85 AND TERRESTRIAL ANALOG: TEMPERATURE AND VACUUM DEPENDENCE
Previous studies have shown that very small amounts of absorbed vola-
tiles - only removed by outgassing in high vacuum and elevated temperatures -
drastically increase the internal friction Q- 1
 in terrestrial analogs of
lunar basalt (1,2,3). Recently (3,4) room temperature Q- 1 values of the
2x10- 5 - 3x10- 5 range have been achieved with lunar rock 70215,85 by thorough
outgassing procedures in ultra high vacuum. Here results are presented on
the temperature dependence of Q- 1 as measured in the range 250C
 to 6000C
along with some data on the change in Q- 1 with pressure in ultra--high vacuum.
The temperature dependence shows the existence of an internal friction peak
at around 2000C followed at high temperatures by an extensive region with
flat Q- 1 (-1x10- 3 ); the work at ultra-high vacuum shows decreases in the
internal friction with decreases in ambient pressure even in the range 10-3
to 10- 10 torr.
1. Temperature dependence. The low-frequency apparatus (3,5) was used
to measure the internal friction Q-1 and velocity in the flexure mode on a
terrestrial analog of a lunar basalt at 50 Hz in the range from 2.5 1DC to
6000C. The data was collected in a series of experiments with two separate
sameles with runs for increasing and decreasing temperature, in vacuum at
10- 7 torr, and in laboratory air. The measurements performed in air gave a
more or less flat temperature dependence with Q- 1
 values in the range of
1.8x10- 3 to 2.2x10- with the low Q- 1 values occurring at high temperatures
in approximate agreement with previous work on basalts (6). In contrast, the
measurements in vacuum revealed a much lower Q- 1
 at all temperatures with a
peak between about 1200C and 2500C as shown in Fig. 1 which displays one of
the runs for decreasing temperature after long-term exposure (days) to 6000C_
On the high temperature side the internal friction achieves and maintains
rather low values over a wide range of temperatures. These features are in
good agreement with those obtained on other runs on the same sample and on
another sample cut from the same mother rock. The source of mechanism of the
internal frict.an peak is not understood at this time. The existence of a
low Q- 1 regime at such high temperature may help explain why the low lunar
seismic Q- persists to some depth (7,8). The 6% decrease in frequency -
and therefore velocity - with decreasing temperature seen in Fig. 1 is
tentatively thought to be associated with a partial opening of microcracks
and resultant decrease in compliance. The cooling, from the high temperature
is thought to open up old (and/or new) crack tips as a consequence of the
various constituent minerals relaxing with different thermal expansion
coefficients.
2. Vacuum dependence. The ultra-high vacuum apparatus { 3 ) was used at
20 kfiz to measure the changes with ambient pressure of the Q- and velocity
(in the compressional mode) on lunar rock 70215,85. The measurements were
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performed with the sample at room temperature and without having been E
subjected to the exacting and critical procedures of mounting and heat treat-
ing required for the extremely low 9- 1 so that the Q' 1
 values were in the
range of only about 3x10- 4 to 5x10' 4 . Table I shows that even in the range
of ambient pressures as low as 10- 8 - 10- 10 torr noticeable decreases with
pressure are observed for the Q- 1 , while the resonant frequency is seen to
increase. This small increase in frequency is possibly associated with a
partial closing of microcrack tips and resultant increase in compliance
caused by the removal of volatiles such as H2O.
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Table I. Effect of ultra-high vacuum on resonance of lunar rock 70215,85.
Pressure
(torr)
Exposure
Time (Hrs)
Q-1
(10-4)
Increase
In Frequency
1	 x 10- 7 12 hrs 5.4 0%
1	 x 10'8 12 hrs 4.2 .06%
1	 x 10' 10 14 hrs 3.0 .21^
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